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Nutrition of Navel Oranges
In Southern Louisiana
L. G. Jones, 1 R. J. Constantin, 2 R. T. Brown3
and S. D. Thibodeaux3
Washington navel oranges are widely grown in several of the south-
ernmost states of the country where minimum temperatures in winter are
not low enough to kill or seriously damage the trees. Principal produc-
tion areas for this fruit are in California, Arizona, Texas, and Florida. A
relatively small amount of it also is produced in southern Louisiana.
Extensive research and practical experience in the main production areas
have shown that light and medium-textured soils were preferable for navel
oranges (20),
4 although it was recognized that many of these soils were
relatively infertile. The consensus among the researchers was that the
better drainage and aeration provided by the lighter soils were of primary
importance to the crop, and the necessary plant nutrients that these soils
could not supply in ample quantities could be provided as fertilizer applica-
tions, as indicated by experimental results in nutrition on these soils (16,
20,27,28). Also, the reaction of the lighter soils was generally found to be
slightly to moderately acid, a condition considered favorable for growth
and production of citrus crops (20).
Washington navel oranges are grown in Louisiana on soils considerably
heavier (finer textured) than those mentioned in other citrus-growing areas.
The navel orange production area in Louisiana is located on the Mississippi
River Alluvial soils south of New Orleans in Plaquemines Parish. It has
been shown both experimentally and in practice that navel oranges will
grow well in this area and produce high yields of high-quality fruit. The
peninsula of alluvial soil that extends southeastward from New Orleans
into the Gulf of Mexico also provides a growing area that is less likely than
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Italic numbers in parentheses refer to Literature Cited, page 62.
To simplify terminology, trade names are sometimes used. No endorsement of any
product mentioned is intended, nor is criticism of unnamed products implied.
other parts of the state to experience winter temperatures low enough to kill
navel orange trees. The soils in this area are of relatively recent deposition,
having been laid down during the past few centuries by annual overflow
and sedimentation of the Mississippi River before levees were built to
confine the river to its main channel. These soils, derived from a conglom-
erate of materials eroded by winter rains and melting snow in the spring
from soils in many more northern states in the Mississippi Valley and it,
distributaries, are quite variable in texture and composition. In general,
however, they are lighter in texture near the river and become heavier and
more poorly drained as one proceeds toward the back swamps that exist
both east and west away from the river. The areas between these two
extremes usually consist of medium-textured soils. The lighter soils in this
group (sandy loam, fine sandy loam) are known by such series names as
Convent, Crevasse, Robinsonville, etc., while the medium-textured ones
(silt loam, silty clay loam) are usually classified as Commerce, Mhoon,
etc. The heavier textured soils found nearer the back-swamps, such as
Sharkey, Tunica, or Alligator, are usually avoided by navel orange grow-
ers. Most of the soils mentioned above have a slightly acid to neutral
reaction in their natural state; however, extensive use of sulphur as an
insecticide in this area and the acid rain resulting from industrial emissions,
etc., in the proximity have rendered some of these soils (especially those
not highly buffered) moderately acid (8). The organic matter content of
these soils varies from about 1 percent in the lighter types to 4 percent or
more in some of the heavier ones that have not been cultivated extensively
(8). These soils are among the most fertile in the state (8) in terms of
readily extractable phosphorus, potassium, calcium, and magnesium (7). It
is a common practice by Louisiana navel orange growers to plow these soils
into rows as high as possible (24 to 30 inches) to provide adequate drainage
and maximum foraging area for tree roots (the water table is high here as
many of these soils are near sea level and annual rainfall averages about 60
inches). Rows are usually 20 to 30 feet wide, with plants spaced from 15 to
30 feet apart on the row.
Review of Literature
The literature dealing with the nutrition of citrus crops is voluminous,
and no attempt will be made to consider all of it here, especially in view of
the vast differences in growing conditions, including soil differences,
between the relatively small citrus area in Louisiana and other larger
production areas of the country where most of the research on navel orange
production has been conducted.
Reitz et al. (28), in an advisory bulletin to Florida citrus growers,
pointed out that several factors may influence a fertilization program: soils,
rootstocks, scions, age of tree, previous program of fertilization, insect and
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disease control, irrigation, and others. The "age of tree" component
includes a consideration of young, nonhealing trees that are making rela-
tively rapid growth as compared with older, heavily bearing trees from
which a considerable amount of plant nutrients are removed annually in the
harvested fruit. In this regard, Barnette (4) reported that an acre of 20-
0 year-old grapefruit trees required 145 pounds of N, 27 pounds of P2O, ,
277
founds of K2O, and 348 pounds of CaO for good growth and production.
Pyer (26) found that orange fruits contained an average of . 149 percent
N,.055 percent P2O5, and .249 percent K 20. According to Oppenheim
(23), the following amounts of nutrients were removed in a 3-year cropping
cycle by 400 citrus trees, including that in the wood removed in prunings:
oranges in heavy production—242 kilograms per hectare of N, 54 kilog-
rams per hectare of P2O5, 205 kilograms per hectare of K2O, and 315
kilograms per hectare of CaO. Another worker, Bryan (9), in an analysis of
orange fruit, reported the following contents of 100 cases of fruit: 10
pounds of N, 3.5 pounds of P2O5, 15 pounds of K2O, and 2.5 pounds of
MgO. From these findings it is apparent that plant nutrients in significant
amounts are removed annually in the fruit; this becomes an important
factor, along with the nutrient requirements of other parts of the plant, in
planning a fertilization program.
Most authorities on citrus tree nutrition agree that nitrogen is the element
most often lacking in the soil, and that its application usually produces the
greatest response. Growers on the lighter soils usually make two applica-
tions per year, one in late winter and another in mid-summer. Jacob and
Uexkull (20) point out that the optimum rate varies greatly with the age and
productivity of the tree, ranging from 0. 1 to 2 kilograms ofN per tree. They
(20) emphasize that a large tree in heavy production will lose about half of
this maximum rate annually (about 1 kilogram per tree) in the harvested
fruit. This would leave about half of the applied nitrogen to be utilized in
other parts of the tree, not taking into account that additional N that may be
supplied by the soil through decomposition of organic matter or the portion
that may be lost by leaching or in other ways. On the lighter soils which are
usually low in organic matter, the authorities in many cases are recom-
mending use of 0. 1 kilogram of N per tree per year of age (20, 27, 28). In
other instances, the nitrogen recommendation becomes progressively
larger as the trees attain a size and age for a significant amount of fruit
production (28). Some authorities prefer to make N recommendations on
. _ an acre basis, usually within the range of 100 to 150 pounds per acre per
year (16). More recently, with the adoption of leaf analysis by the workers
in citrus nutrition, it has become feasible to relate the concentration of N in
the foliage to good growth of the trees and to the desired yield levels
without impairing the quality of the fruit. A deficiency of nitrogen in
oranges is described by Jacob and Uexkull (20) "as the uniform loss of
chlorophyll and yellowing of the leaves which, under prolonged N defi-
ciency, readily fall off and the new fruits that are produced are small and
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have a thin leathery skin. In contrast, with excessive nitrogen dark green,
abnormally large, coarse leaves are produced (19). Fruits of these trees are
large, with a thick skin, late in ripening, and poor in quality." In this
regard, Wallace et al. (35) found that excessive nitrogen caused increased
citric acid and soluble solids in the fruit, while the percentage ofjuice in the
fruit was reduced. A significant observation by Jacob and Uexkull (20) is
that ' 'heavily cropping trees can tolerate large quantities of nitrogen with/
out suffering any injurious effects, provided that at the same time they are
well supplied with phosphate and potash."
In orange trees growing in Florida soils, the level of nitrogen found in the
foliage by Reitz et al. (28) that was closely associated with maximum
production was within the range of 2.3 to 2.9 percent. These leaves were
from bearing trees and were made up of 100 spring-flush leaves from 20
trees. The leaves were taken at 4 to 5 months of age (July-August) from
nonfruiting twigs.
Similar levels of foliar N in bearing citrus trees are advocated by the
California citrus nutrition research group, as explained by Embleton et al.
(16. Nitrogen concentrates of 2.2 percent are considered deficient, while
anything above 2.8 percent is believed to be excessive. This group selected
the range of 2.4 to 2.6 percent N as optimum for bearing trees. They also
emphasize the influence of size of crop removed annually upon the overall
nitrogen requirements of the trees and indicate this factor may exert more
influence on a fertilizer recommendation for a particular orchard than the
soil type upon which it is grown.
The actual phosphorus requirement of citrus trees, as indicated by
analysis of the foliage and fruit, appears to be much lower than the nitrogen
requirement. Jacob and Uexkull (20) said "about 0.08 percent P in the dry
matter of the leaves seems to be the lower limit for an adequate supply.
"
The Florida group led by Reitz (28) give a P range of 0.09 to 0. 15 percent as
satisfactory in the foliage. Reitz et al. (28) also give some soil test values
for extractable P that they consider ample in supplying the phosphorus
requirement of citrus trees growing on acid, sandy soil: acid ammonium
acetate extractant (pH 4.8)—22 pounds of P per acre, Bray Pi
extractant—80 pounds of P per acre , or Bray P2 extractant— 1 30 pounds of
P per acre. Embleton et al. (16), in studies with citrus leaf analysis in
California, agreed with the Florida group that 0.09 percent P was the lower
limit that should be allowed; however, they extended the upper limit of
concentration and considered 0.29 percent as still not excessive.
According to Jacob and Uexkull (20) "phosphorus deficiency is indi-
cated by small, blue-green, lusterless leaves, which, under acute condi-
tions of deficiency, show blue-green to bronze-brown discolorations and
necrotic spots. The formation of new shoots is restricted; the leaves are
easily shed, and a proportion of the twigs may die back. " Also, as found by
Aldrich (/), Lilleland (21), and Young and Forsee (37), the few fruits
borne by such trees are of poor quality. They are small and characterized by
a thick skin and a high acid content. Bouma (5) established a significant
correlation between the phosphorus content of orange leaves and the
quality of the fruit. De Vasconcellos (15) reported similar results.
Excessive phosphorus levels in the foliage of citrus is evidently a rare
occurrence. On those occasions when the concentration exceeds 0.3 per-
* cent , a portion of the total P held in the leaves is undoubtedly precipitated
as
phosphate crystals of aluminum, iron, and/or maganese (20). It has been
shown by West (36) and also by Chapman et al. (10) that inordinately high
levels of soluble phosphate in the soil can reduce the absorption of zinc by
citrus trees, resulting in zinc deficiency (Frenching).
Although the actual amount of phosphorus required by citrus trees is
small as compared with the nitrogen requirement, it is still sometimes
necessary to apply fairly large amounts of it to trees growing on many soils
to fully satisfy the phosphorus needs. Jacob and Uexkull (20) suggest that
at least 600 to 800 grams of phosphate per tree be applied to trees producing
as much as five to six boxes of fruit per tree. The recommendation made by
the California group (16) to their growers is qualified by the results of the
foliar analysis from each grove; however, in the foliage found low in
phosphorus an application of 2 to 3 pounds of P per tree is suggested each
year until subsequent foliar analyses indicate the trees are taking up a
sufficient amount of phosphate from the soil. In a different concept, the
Florida group led by Reitz (2S) said "the need for phosphorus can best be
determined by soil test for the amount of available phosphorus already
present in the soil. Leaf analysis also has some value, especially in case of
pronounced deficiency. In most groves, phosphorus usage should be based
on soils test.
'
' In the absence of soil test data, the Florida group (28) makes
the following general recommendation:
1 'Phosphorus from fertilizer appli-
cations accumulates in most peninsular Florida soils in available form.
After many years of fertilizer use, most older groves contain adequate
amounts of available phosphorus in the soil. Thus, mature citrus trees (over
20 years of age) growing on soil which has been fertilized with phosphorus
for several years do not need further phosphorus additions to the soil.
Younger groves that are just coming into full bearing (8 to 20 years of age)
on new land should occasionally receive some phosphorus to replace that
removed by the crop. The average crop fruit removes only about 20 pounds
of P2O5 per acre. This need may be met by using 0.2 pound of P2O5 per box
of fruit every fourth year. For example, using 400 pounds of ordinary 20
„ percent superphosphate per acre or one application of 800 pounds of
10-10-10 mixture every 4 years and no phosphate at other times will satisfy
the need.
The amount of potassium normally required by citrus trees is evidently
fairly large, as measured by the concentration of the element in the foliage
and in the fruit. Chapman (12) found that leaf analysis provided a relatively
reliable method of diagnosing potassium deficiency, which was associated
with increased accumulation of calcium and magnesium in the foliage. His
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studies indicated a potassium level of 1.3 to 1.5 percent in leaves 3 to 7
months old was adequate. When the potassium content fell much below
these levels, deficiency symptoms appeared on the foliage in the form of a
thickening and puckering of the leaves, the disappearance of chlorophyll in
the intercostal areas, and the subsequent incidence of necrotic spots. In
addition, under extreme deficiency the degree of leaf-fall was increased,
the shoot tips began to die back, and gummosis was present throughout the
tree. Since the work of Chapman (//), other workers (2 , 9, 20,21 , 34) have
also shown that potassium deficiency in citrus trees can have a marked
effect on fruit size as well as on the extent of premature fruit drop. Parker
and Jones (24) were among the first to demonstrate conclusively that the
potassium concentration of the leaves was the primary factor associated
with differences in the size of fruit. This association has been confirmed by
Arnot (2), Chapman (//), Haas (77), Harding (18), Innes (19), and
Takahashi (34 ) . Jacob and Uexkull (20) said that ' 'apart from size , the quality
of citrus fruits is relatively little influenced by potash deficiency. Under
conditions of potash deficiency the fruits are small with a thin skin but with
a good texture. Potash excess produces large coarse fruit of low quality.
Large fruits of good quality result from a medium level of potash. " There
have been other contradictory reports in the literature (29, 3 1 , 32, 33 ) about
the possible effects of potassium on citrus fruit quality, particularly dealing
with soluble solids, citric acid, and ascorbic acid. In addition, Samson
(30) observed that a normal potassium content considerably improved the
keeping quality of the fruit.
According to Reitz et al. (28), the preferred range of potassium in citrus
leaves is 1.2 to 1.7 percent of the dry matter. Their potash fertilizer
recommendation is tempered by the size and age of the trees, the variety,
and the amount of fruit produced. The suggested rate: "On early and
mid-season orange trees, apply 0.4 pound, and on late-season oranges and
grapefruit apply 0.3 pound of K2O per year per box of fruit, up to a
maximum of about 250 pounds per acre." The California group (16)
advocates an optimum of 0.7 to 1 .09 percent concentration of potassium in
citrus leaves. They consider leaves with no more than 0.4 percent as
K-deficient and any level above 2 percent as excessive. Their potash
fertilizer recommendations are based primarily on the potassium content of
the leaves (16), in that only when the concentration falls below 0.7 percent
is any potash recommended. They advise growers that: '"where effective,
2 to 5 pounds of K (equivalent to about 2 . 5 to 6 pounds of K2O) per mature -
tree applied in a band around the dripline for 2 consecutive years have been
successful. Effective applications normally last several years. Leaf
analyses indicate when to reapply K. Tree damage has resulted from KC1
applications, so K2SO4 is preferred.
'
' This point of some importance is one
that has been stressed previously by Jacob and Uexkull (20): "Of the
potash fertilizers, sulphate of potash is more suitable than the chloride
because most varieties of citrus are sensitive to too high a concentration of
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chloride. Sulphate of potash-magnesia is particularly suitable as it contains
10 percent Mg in addition to 30 percent K2O. As a fertilizer for the
middleaged tree yielding a crop of 5 to 6 boxes of fruit, a reasonable
dressing would be about 750 to 900 grams of K2O."
In regard to soil reaction, Jacob and Uexkull (20) wrote that "although
t citrus plantations are still found with pH values of 4 to 7 . 8 , the best
growing
Conditions exist in the slightly acid range." According to Darcel (13),
Peech (25), and Reitz et al. (28), the optimum pH for citrus lies between
5.5 and 6, because in this range "the phosphate and most of the trace
elements are readily available." Even within this range, considerable
quantities of calcium are absorbed from the soil by citrus trees. In fact,
Barnette (4) has shown that 20-year-old trees require as much as 348
pounds of CaO per acre per year. This is related to the relatively high
calcium requirement of citrus, as illustrated by results of foliar analyses.
For example, Chapman et al. (12) found that many high-producing citrus
orchards in California had leaves with 3 to 5.52 percent calcium. Only in
leaves with calcium levels as low as 1 . 5 percent were deficiency symptoms
present, and leaves with more than 7 percent were showing abnormalities
indicative of nutrient imbalance.
The Florida group led by Reitz (28) suggests a soil pH range of 6 to 7 for
citrus trees. They advise that "in young orchards a pH value of 6 to 6.5
should be satisfactory; however, in older orchards, and especially if the soil
is known to contain high amounts of copper (which has been used for long
periods as a fungicide), the soil pH should be maintained between 6.5 and
7. The use of either calcitic or dolomitic limestone is recommended, with
the recognition that dolomite will often supply all of needed magnesium in
groves where the pH has been raised through substantial applications of
dolomite. " This group of workers (28) considers a range of 2.5 to 5 percent
of calcium in the dry matter of citrus leaves to be satisfactory. Reitz et al.
(28) further state that "experimental data are not yet adequate to indicate
the optimal calcium level in soils of different exchange capacity. Using a
neutral extractant such as ammonium acetate buffered at pH 7, a soil
calcium level of about 700 pounds ( 1 ,000 pounds of CaO) per acre on soils
similar to Lakeland fine sand seems desirable . Soils with a higher exchange
capacity would have a higher minimum requirement for extractable cal-
cium.
"
Magnesium deficiency in citrus trees is shown first by the fully mature
(lower) leaves, as pointed out by Jacob and Uexkull (20). "It occurs on
* particularly heavy-yielding trees or branches and is found in late summer or
fall more often than in spring. The deficiency is characterized by the
occurrence of chlorotic spots in the intercostal areas alongside the midrib.
These spots increase in size with time while the leaf veins, especially the
midrib, retain the chlorophyll longer, thus providing a means of differ-
entiating between magnesium deficiency and nitrogen deficiency."
Evidently, the magnesium requirement of citrus trees is much smaller
9
than the calcium requirement. The usual concentration of magnesium
found in healthy, productive trees ranges from 0.2 to 0.4 percent in the
foliage, according to Chapman et al. (12, 13). A level of 0. 15 percent is
considered a deficiency, and 0.6 percent is thought to be excessive by this
group. In later work in California, Embleton et al. (16) found magnesium
concentrations of 0.26 to 0.6 percent to be optimum for citrus leaves, and
the level was not considered excessive until it reached a point above f
percent. This is a much wider range in concentration that that advocated by
the Florida group (28), who suggest that magnesium should be present at
0.3 to 0.5 percent of the dry matter in the leaves. This group describes
several alternative methods for meeting the magnesium needs of citrus
trees growing on the acid, sandy soils of Florida, among which are: the
choice of dolomite to adjust the soil pH to the proper range; the inclusion of
either MgO or MgSC>4 in the regular annual fertilizer application, and/or
the use of foliar sprays of Mg(NO; 5 )2 as dilute solutions.
In addition to the plant nutrients discussed above, the need for relatively
small (trace) amounts of several other elements has been established for
citrus trees. These elements are manganese, zinc, iron, copper, boron,
molybdenum, and probably chlorine. The requirement of citrus trees as
indicated by the concentration of the element in the leaves has been given as
20 to 80 ppm for manganese by Chapman et al. (12). Under Florida
conditions, however, 20 to 50 ppm of Mn appears to be the desired range
(28). The citrus workers in California (16) suggest a wider range of 25 to
200 ppm as optimum concentrations of Mn.
Few acid soils supporting citrus trees are deficient in available man-
ganese, according to Reitz et al. (28). Where definite deficiency symptoms
persist, a soil application of MnSC»4 to supply 0.03 pound of MnO per box
of fruit per year is suggested in Florida (28). Alternatively, a dilute foliar
spray of MnSC«4 ( 15 to 25 pounds per 500 gallons) may be used as a cover
spray. Reitz (28) pointed out that "on calcareous or heavily limed acid
soils, manganese should not be used in the fertilizer but applied as a foliar
spray.
"
Jacob and Uexkull (20) describe manganese deficiency in citrus in the
following manner: ' 'manganese deficiency is also recognized by chlorosis
of the intercostal areas of the leaf. In contrast to zinc, manganese defi-
ciency has no effect on the size of the leaves, and it occurs more distinctly
on the shaded foliage (north side). Manganese deficiency may occur
equally on the young and old leaves, and this helps to distinguish it from
magnesium deficiency which is only found on the old leaves. Manganese
deficiency occurs most frequently on over-limed soils. The treatment
consists of the application of 200 to 1,000 grams of MnSCh per tree.
Spraying is more effective on soils having a pH over 7."
According to Chapman et al. (10) , the zinc requirement of citrus trees
closely approximates that of manganese. They offer a range of 20 to 80
ppm as normal for the element, with 15 ppm constituting a deficiency and
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anything above 100 ppm as probably excessive. The satisfactory range of
zinc in citrus leaves in Florida has been shown to reach from 20 to 50 ppm
(28). However, the citrus trees in California may show a much wider range
in foliar zinc and still grow and produce well, according to Embleton et al.
(16), who consider the values of 25 to 100 ppm as optimum and those
concentrations above 300 ppm as too high.
* In the words of Jacob and Uexkull (20), "zinc deficiency is character-
ized by typical discoloration of the leaves, which is known as Trench-
ing,' 'mottle-leaf,' or 'foliocellosis. ' In zinc deficiency the chloro-
phyll disappears between the veins which retain their dark-green color
while the chlorotic areas become whitish-yellow. Oranges are more sus-
ceptible to zinc deficiency than other varieties of citrus. Zinc deficiency
occurs , above all , on over-limed or extremely acid soils and often cannot be
rectified by applications to the soil. The usual practice is to spray the
foliage with zinc sulphate or zinc oxide mixed with burnt lime." The
Florida research group (28) has also found foliar sprays to be the preferable
method of correcting zinc deficiency. They note that "when zinc defi-
ciency symptoms appear, zinc should be applied in a nutritional spray, in
either the dormant or preferably the post-bloom period. Spraying with zinc
every year is necessary only when zinc deficiency symptoms appear in the
foliage. Corrections of moderate or severe zinc deficiency may require
more than one spray in the same year."
According to Chapman et al. (12), iron is the trace element required by
citrus trees in the largest amounts. They offer a range of 70 to 200 ppm as
normal for healthy trees, and no concentration is suggested by them as
excessive in citrus . Embleton et al . ( / 6 ) prefer concentrations of foliar iron
within the range of 60 to 120 ppm, while the optimum amount in Florida
trees has been found to be 40 to 60 ppm (28). As pointed out by Jacob and
Uexkull (20), iron deficiency usually occurs on over-limed soils (or those
that are naturally alkaline), and in the initial stages it is easily confused with
manganese deficiency because the veins, remaining dark-green in color,
stand out like a network from the otherwise chlorotic leaf. "With acute
deficiency, the young leaves become completely yellow and are shed
prematurely. Until recently it was difficult to combat iron deficiency on
alkaline soils because, in contrast to the other trace elements, spraying the
leaves of citrus trees with iron had little effect. Moreover, soluble com-
pounds of iron are more rapidly fixed in such soils than they can be taken up
by the roots. Now, use is being made on an increasing scale of iron-chelate
* (iron chelated with ethylenediamine-tetra-acetic acid or other chelating
agents).
"
Boron is needed by citrus plants in concentrations of 20 to 1 00 ppm in the
leaves, according to Chapman et al. (12). They caution that levels of 200
ppm are excessive and, as in the case of excessive manganese at this level,
may cause plant damage. Embleton et al. (16) agree that 31 to 100 ppm of
B is the optimum range for citrus leaves but specify that the foliage may
1 1
tolerate concentrations of 260 ppm before phytotoxicity begins. The
Florida research group (28) likewise offer a range of 40 to 100 ppm as
satisfactory for foliar boron in citrus.
Boron deficiency symptoms of citrus have been characterized by Jacob
and Uexkull (20) as follows: "boron deficiency appears chiefly on the
young leaves and twigs, which roll up together, wilt, have a brownish ,
color, and are readily dropped. The veins of the leaves are often thickened*
chlorotic, and cracked. Gummosis occurs on the trunk, and parts of the
branches die back. Boron-deficient fruits are small, malformed, and have
brown mucilaginous discolorations on the skin. Mucilaginous formations
may also occur elsewhere in the fruit.
"Boron deficiency is found both on acid and on alkaline soils, and it is
often induced by long, dry periods. As a remedy, borax can be used in the
solid form (20 to 30 kilograms per hectare or 18 to 27 pounds per acre), or
the leaves can be sprayed with a 1 percent solution. An excess of boron is
extremely toxic.
"
To correct boron deficiency of citrus under Florida conditions, Reitz et
al. (28) suggest that boron (B2O3) be applied in the fertilizer at one
hundredth the nitrogen application rate. An alternative remedy suggested is
to apply soluble borate sprays at the rate of 1 .67 pounds of 46 percent B2O3
material per 500 gallons of solution or 1.25 pounds of 58 to 66 percent
material per 500 gallons. If deficiency symptoms persist, the rates may be
doubled for a few applications (28).
Most authorities concur that the copper requirement of citrus trees is
relatively low; in fact, molybdenum is the only element for which the need
is smaller. Chapman etal. (12, /.?) specify a range of 4 to 10 ppm as normal
for citrus leaves. Toxicity levels begin at 15 ppm in the view of this group.
This same range for copper concentration is suggested by the Florida group
led by Reitz (28). However, according to Embleton et al. (16), the op-
timum range is 5 to 16 ppm in California citrus leaves, and 22 ppm is
considered excessive.
Jacob and Uexkull (20) explain that "copper deficiencies may occur on
all soils, but most frequently they are found on virgin soils with a high
humus content. Copper excess is found mostly on acid, light, slightly
buffered soils and is indicated by cracking of the bark, gummosis, leaf fall,
and, in certain circumstances, by the death of the tree. Copper excess,
therefore, is considerably more dangerous than copper deficiency. In many
fungicides, copper sulphate is present in sufficient quantity to control
copper deficiency. From 200 to 400 grams of copper sulphate per tree (soil
application) is adequate in most cases to remedy the deficiency."
Under Florida conditions, Reitz (28) observes that "copper is usually
applied in fertilizer as copper sulphate or copper oxide. Most of the applied
copper accumulates in the topsoil. Excess copper depresses growth and
induces iron chlorosis. Soils that contain approximately 50 pounds of
copper per acre 6 inches of soil need no copper in the fertilizer. Sufficient
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copper usually will be applied in the first 10 years of a young grove if the
fertilizer contains about 0.25 unit of CuO.
"Copper sprays (3.75 pounds of Cu per 500 gallons) are effective in
correcting copper deficiency. In addition, they provide very valuable
fungicidal control of greasy spot, scab, and melanose."
Molybdenum, being the most dilute nutrient element in citrus leaf tissue,
^s difficult to measure accurately in normal, healthy plants. Chapman et al.
(12) advanced values of 0.2 to 1 ppm as proper for citrus foliage, while
Embleton et al. (16) consider the range of 0. 1 to 3 ppm as optimum. The
latter group has found that any level above 100 ppm of the element is
excessive.
Foliar sprays of molybdenum are recommended by Reitz et al. (28) to
correct the deficiency, which is commonly known as "yellow spot."
"These symptoms usually appear in late summer and are occasionally
severe in trees on grapefruit rootstock. Trees showing mild symptoms
should be sprayed with a solution containing 5 ounces of sodium molybdate
in 500 gallons, and in severe cases 10 ounces should be used. Application
of molybdenum sprays should be made in spring or summer, since sprays
applied in the fall may not be effective during the current year. In correcting
yellow spot it is especially important that the soil reaction be adjusted to pH
6.0 or above."
Some experimental work has been conducted on the nutrition and fertili-
zation of navel oranges grown under Louisiana conditions. In the early
studies of the 1930's and 1940's by Miller and Kimbrough (22), it was
found that trees located in the southern part of Plaquemines Parish re-
sponded to phosphorus and potassium in the fertilizer as well as to nitrogen,
even on the relatively fertile alluvial soils of the Mississippi River. Several
individual experiments were conducted, both with navel oranges and
Satsumas, in which benefits from the use of complete fertilizer applied in
late winter were clearly demonstrated. Furthermore, the feasibility of a
summer application (July) of nitrogen, in addition to complete fertilizer,
was also substantiated.
Fruit quality studies included in the work by Miller and Kimbrough (22)
showed that nitrogen applied alone was detrimental in terms of earliness of
maturity, skin color and thickness, percentage of juice in the fruit, and
soluble solids/acid ratio. These undesirable effects were overcome by
using balanced rates of phosphorus and potassium along with nitrogen in
the fertilizer (winter application).
*' Since that time, further research by Brown et al. (6) has added credu-
lence to the early findings (22) and has provided additional information on
the appropriate ratios of N-P2O5-K2O as well as rates of fertilizer that
should be applied to Washington navel orange trees and Satsumas growing
under southern Louisiana conditions.
The study reported here was undertaken to investigate more thoroughly
the impact of individual nutrients applied at different rates , both individu-
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ally and collectively (in a grade), on the long-term growth, production, and
quality of Washington navel oranges. The interaction between the levels of
fertilizer phosphorus and that furnished by the soil was to be studied closely
in this experiment, as were those factors involved in the potassium nutrition
of the trees. Also, an attempt was made to control the soil pH and
extractable calcium level so their effects and possible interaction with ,
applied nutrients might be studied. 1
Materials and Methods
During the 1964 growing season, a site was selected on the Plaquemines
Parish Experiment Station, Port Sulphur, for establishment of a nutrition
study with Washington navel oranges. The area is adjacent to the Missis-
sippi River levee, and soil texture varies from silt loam to silty clay loam
within short distances. This particular soil has been classified as a Com-
merce, interspersed with smaller areas of the Mhoon series. The soil was
laid off in 30-foot rows that were ridged up as high as possible with
conventional equipment. During the 1964 season, the rows were fallow
plowed as often as necessary to control weeds and to establish good tilth in
the soil in preparation for planting orange trees the following winter.
A supply of Washington navel orange trees was produced during the
1 964 growing season by budding scionwood from an established tree on the
station onto seedling rootstocks of the Citrus trifoliata variety. In the
winter of 1964, these small trees were removed from the nursery row and
transplanted into the experimental site. They were spaced 15 feet apart on
30-foot rows, comprising a total of 15 trees on each of 16 rows. No
fertilization was used in the 1965 season, except that each tree received
0.04 pound of nitrogen in July in the form of ammonium nitrate.
An experimental design was developed in 1965 that would fit into the
experimental area already planted. The main plot treatments consisted of
soil amendment applications involving either lime (calcite) applications to
maintain the soil pH above 6.5 or sulphur applications to control the soil pH
in the range of 6 to 6.5. These two treatments were paired in each block
(replication). Within each block a series of fertilizer treatments was ar-
ranged including ( 1) nitrogen applied alone at increasing rates, (2) nitrogen
and phosphorus applied together at increasing rates, and (3) nitrogen,
phosphorus, and potassium applied together at increasing rates. The com-
plete fertilizer treatments were applied as an 8-12-8 grade, since previous
research results (6) had indicated this ratio was the most effective under
Louisiana conditions. Each plot contained three trees and was replicated
four times in a complete block, split-plot design.
In August of 1965 and in August of alternate years thereafter, a repre-
sentative soil sample was taken from each plot for extractable nutrient and
pH determinations. Four borings 12 inches deep around the dripline of each
tree (12 borings per sample) constituted a sample. The samples were
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analyzed in the Louisiana Soil Testing Laboratory by Brupbacher et al. (8)
using standard methods of analysis (7). The results of these analyses served
as a guideline for subsequent soil amendment applications to each plot.
During the first week of August every year, beginning in 1965, a foliage
sample representative of each plot was taken from the trees. The leaves
i included in the sample were from the center of the shoots of the spring flush
•fc>f growth. They were taken at random, 33 from each tree, so that a plot
foliar sample contained 99 leaves. The leaves were washed in a mild
detergent solution, rinsed twice in distilled water, and dried at 70°C for 72
hours. Then they were ground in a Wiley No. 1 mill to pass a 20-mesh
screen and were analyzed by the staff of the Louisiana Feed and Fertilizer
Laboratory, using methods outlined by A.O.A.C. (J).
The first soil amendment applications were made to the plots indicated
by the soil tests in the summer of 1965. Then, in the winter of 1965-66, the
first applications of the experimental fertilizers were made (February,
1966). The nutrient carriers used were ammonium nitrate (33.5 percent),
diammonium phosphate (18-46-0), and muriate of potash (60 percent
K2O). They were weighed out and hand-mixed immediately prior to
application. The specific treatment given to each plot is shown in Table 1
.
The fertilizer was broadcast under the tips of the branches in a wide band
and disked into the soil 3 to 4 inches deep. This procedure was followed
annually throughout the research period. Weeds were controlled under the
trees by annual applications of Bromacil in late winter, and the area
between the rows was kept closely mowed. Diseases and insects were
controlled at all times with recommended pesticides, and the trees grew
rapidly and produced good yields.

























1 Applied broadcast under the spread of the branches in February and disked lightly into the soil. Each tree
also received .04 lb. of N per year of age in July.
2 Limed to a soil pH above 6.5 and/or extractable calcium above 3,200 ppm.
3 No lime applied, but sulphur was used on some plots to maintain a soil pH of about 6.0 to 6.5.
"Numbers in parentheses denote pounds of fertilizer applied per tree per year of age.
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Measurements were made periodically of the growth of each tree in
terms of increases in trunk circumference at a point about 6 inches above
the bud union with the rootstock. The increase for each tree was combined
with that of the two other trees in the same plot so that an average per tree
could be determined. Results of these growth measurements are shown in
Table 2.
The first fruit of a measurable quantity was obtained from these trees ill
the winter of 1967 (December). After that, yields became progressively
greater each year, with that from some treatments gaining more than
others. The fruit was harvested each year during the month of December, at
the peak of maturity and at the time when the demand is highest. At this
time a representative sample (10 oranges) was taken from each tree (30
oranges per plot) in order to study any possible effects of soil amendments
or fertilizer treatments on fruit quality. The quality factors involved in this
work were: fruit weight, juice content (%), soluble solids \%), titratable
acids (%), solids/acid ratio, rind thickness, and rind color. The samples of
30 oranges each for quality studies were taken to Baton Rouge for analysis.
The average weight per orange was determined for each plot. Thickness of
the orange rind at the equator was measured with calipers graduated in
millimeters. The juice from the 30-orange sample was extracted with a
Table 2.—Effects of fertilizer and lime treatments on the increase in trunk circumfer-





















































For comparing fertilizer averages, H.S.D. @ .05 = 1.4, @ .01 = 1.6.
For comparing lime averages, H.S.D. (a .05 = 0.6, @ .01 = 0.7
F value for interaction of fertilizer x lime— ns (.05).
1 Applied broadcast under the tips of the branches in February and disked lightly into
the soil. Each tree
also received .04 lb. of N per year of age broadcast under the branches in July as ammonium nitrate.
2
Soil pH maintained at about 6.0 to 6.5.
3
Soil pH maintained above 6.5 and/or extractable calcium above 3,200 ppm.
"Increases from the time trees were planted until final measurements were made (12 years).
5 Numbers in parentheses denote pounds of fertilizer applied per tree per year of age.
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Sunkist Type 6 juicer and strained, and the percentage of juice in the fruit
was calculated.
The pH of the juice was determined by using a glass electrode pH meter,
and the percentage of soluble solids (sugars) was measured by use of an
Abbe' refractometer. The content of titratable acidity was determined by
titration of a 10-milliliter juice sample in 100 milliliters of distilled water.
#The acid was titrated with 0. 1 N NaOH to a pH of 7.0, using a pH meter as
reference. The solids/acid ratios were then calculated.
Before juice extraction, each orange was cleaned by hand and rind color
was determined with a Gardner color and color difference meter using a
white standard tile (L = 91.6, a = -1.3, b = 0.1) as a reference. The
effects of the treatments on fruit production are shown in Table 3 , while the
influence on fruit quality is shown in Table 23.
It was observed during this study that treatment factors were exerting
important influences on other responses by the trees. For example, clearcut
differences were shown among trees in the extent of cold damage sustained
by young leaves, flowers, and twigs. The data obtained pertaining to this
observation are shown in Table 4. Also, a difference in the amount of fruit
that split and fell from the tree prematurely was apparently more closely
associated with some of the treatments than with others. Measurements of
these responses are shown in Tables 5 and 6. Further, a definite effect of
amendment and fertilizer was shown in the degree of expression of man-
ganese and zinc deficiency symptoms in the foliage. These effects are
shown in Tables 14, 15, and 16.
Results and Discussion
All trees in the planting grew well throughout the 15 years of the study;
however, some trees grew more than others. This is shown in Table 2 in
terms of trunk circumference. Trees receiving nitrogen, phosphorus, and
potassium at the heaviest rate (2 pounds of 8-12-8 per tree per year of age)
achieved the most growth. The complete fertilizer treatments used at
lighter rates were less effective; however, the overall superiority of the
complete fertilizer to those containing only one or two elements was clearly
indicated. The use of heavy rates of nitrogen alone appeared to be relatively
ineffective, and the application of lime to maintain a high soil pH was
detrimental to tree growth.
* Foliage on all of the trees retained a good, dark-green color during the
entire study, with a few exceptions in certain plots where symptoms of
manganese and/or zinc deficiency were shown. These abnormalities will
be discussed in greater detail later.
After a couple of years of growth, a few fruit were first borne by these
trees in the 1967 season. The fruit were harvested and weighed, and the















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 5. —Effects of fertilizer and lime treatments on the number of split fruit produced




*l lb. 8-0-0/tree/year of age
1.5 lbs. 8-0-0/tree/year of age
2 lbs. 8-0-0/tree/year of age
1 lb. 8- 12-0/ tree/ year of age
1.5 lbs. 8- 12-0/ tree/year of age
2 lbs. 8- 12-0/ tree/ year of age
1 lb. 8-12-8/tree/year of age
1.5 lbs. 8-12-8/tree/year of age




















For comparing fertilizer averages, H.S.D. (5 .05 = 2.8
F value for lime treatments— ns (.05).
F value for fertilizer x lime treatment interaction—ns (.05).
'Applied broadcast under the tips of the branches in February and disked lightly into the soil.
Each tree
also received .04 lb. of N per year of age broadcast under the branches in July as ammonium nitrate.
2
Soil pH maintained at approximately 6.0 to 6.5.
3
Soil pH maintained above 6.5.
"Average number of split fruit per tree.
Table 6. —Effects of fertilizer and lime treatments on the number of split fruit produced









1 lb. 8-0-0/tree/year of age 18.3 16.3
1.5 lbs. 8-0-0/tree/year of age 37.8 25.5
2 lbs. 8-0-0/tree/year of age 31.3 24.5
1 lb. 8-1 2-0/ tree/ year of age 30.5 27.5
1.5 lbs. 8-12-0/tree/year of age 20.3 14.3
2 lbs. 8-12-0/tree/year of age 24.5 27.0
1 lb. 8-12-8/tree/year of age 27.8 18.5
1.5 lbs. 8-12-8/tree/year of age 24.3 24.5
2 lbs. 8-12-8/tree/year of age 36.8 27.5













For comparing fertilizer averages, H.S.D. @ .05 = 17.7
For comparing lime averages, H.S.D. @ .05 = 7.9.
F value for fertilizer x lime interaction— ns (.05).
'Applied broadcast under the tips of the branches in February and disked lightly into the soil. Each tree
also received .04 lb. of N per year of age broadcast under the branches in July as ammonium nitrate.
2
Soil pH maintained at approximately 6.0 to 6.5.
3
Soil pH maintained above 6.5.
"Average number of split fruit per tree.
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average pounds per tree. Yields were so scant during the first season that no
association between fertilization and production was indicated. Fruit har-
vested from each plot was transported to the Department of Horticulture
laboratory at Baton Rouge for fruit quality determinations. This procedure
was followed each year.
In the 1968 season, yields increased somewhat above those of the
previous year; however, no major differences in production were noted that*
could be attributed to any of the treatments.
A remarkable increase in yields occurred in 1969, with more than 100
pounds of fruit being harvested from each tree. Still, even though some of
the trees apparently produced more fruit than others, there were no signifi-
cant effects of fertilizer or lime applications.
During the 1970 season none of the trees produced as much fruit as they
had in 1969. Yield was reduced by as much as 50 percent in many cases.
This reduction was not associated with any particular treatment and cannot
be explained on the basis of cold damage to flowers in the spring or on
unusually severe weather conditions during the growing season. It may be
speculated that young navel orange trees in rapid growth stages may show
some tendency toward alternate bearing, as is common with many other
fruit species.
Following the light crop in 1970, a relatively heavy crop was produced
by all trees in the 1971 season. For the first time, the effectiveness of
fertilization on yield was indicated, with the low rate of nitrogen alone,
especially without lime, being about as effective as any other treatment. At
this stage of growth and production the trees evidently were still absorbing
sufficient amounts of phosphorus and potassium from the soil to meet their
needs.
Some important differences in production began to appear in the 1972
season. The unfertilized plots fell far behind all the others, and the use of
nitrogen alone, at either light or heavy rates, began to lose its equality in
effectiveness with the treatments that also contained phosphorus or phos-
phorus and potassium. Another important factor in the 1972 data is that the
more effective fertilizer treatments showed yield increases above those of
the previous season while some of the other treatments showed reductions
in yield, again indicating a tendency toward biennial bearing. Also, even in
the more effective treatments a detrimental effect of lime applications was
beginning to appear as a trend.
In 1973, the yield from the unfertilized trees, while apparently increas-
ing somewhat over the previous year, still lagged far behind that of any of
the fertilized plots. The high soil pH resulting from lime applications
continued to exert a depressing effect on yield, regardless of the fertilizer
application, and the use of high rates of nitrogen were less beneficial than
lower rates when the element was applied alone. The most marked re-
sponses were obtained from complete fertilizer applications without lime,
and the heavier the rate of fertilization the higher the yield.
22




crop year. This was true
for all of the treatments with the exception of those with complete fertilizer.
Production from these plots continued along a level comparable to or above
that of the preceding season, thus preventing the appearance of alternate
bearing tendencies in these treatments. The other treatments, showing
reductions in yield from the 1973 season, were still allowing this biennial
£ bearing tendency to be shown . The reduction in yield in the limed plots was
consistent and of moderate magnitude in most cases.
Fruit production in the 1975 season was also below what might be
expected on a linear scale of trees of this age, with the notable exception of
the trees receiving complete fertilizer at a medium or heavy rate without
lime applications. These trees produced about as much fruit as they had the
year before (more than 300 pounds per tree) while the unfertilized trees
produced less than 200 pounds. Yield levels of trees receiving only nitro-
gen or nitrogen and phosphorus were intermediate.
The 1976 season was a "heavy" crop year in that the most effective
treatments (those containing all three fertilizer elements) produced very
high yields. Trees receiving complete fertilizer at the heaviest rate pro-
duced 550 pounds of fruit per tree. The effect of even this treatment was
reduced somewhat by the use of lime on the soil. This reduction by lime
treatment was also shown for every other fertilizer treatment. The only
other fertilizer treatments to exceed 400 pounds of fruit per tree were the
complete fertilizer applications at the light rate (4 1 3 pounds of fruit) and the
medium rate (469 pounds of fruit). The other trees receiving only nitrogen
and phosphorus yielded something less than 400 pounds while the
nitrogen-only treatments produced less than 300 pounds. In contrast, the
unfertilized trees produced only a little more than 100 pounds, with the
limed plots again producing the least.
Yields from most of the plots were higher in the 1977 season than they
had been in 1976. Even the unfertilized trees showed considerable gains in
production, but their output was still well below that of the fertilized trees,
especially those receiving complete fertilizer at the highest rate and no
lime. The yield in the latter plot was 503 pounds per tree, compared with
233 pounds from the unfertilized trees. Yields from the trees receiving the
medium or lightest rate of complete fertilizer were also still high, as were
those from trees receiving the heavier rates of nitrogen and phosphorus
» only. The use of nitrogen alone, at any rate, continued to
be the most
ineffective method of fertilization.
Yields from the various plots in 1978 were more nearly comparable than
they had been since the earliest years of harvest . Some of the plots showed
some reduction in yield while others made slight gains in production.
During this season, the type of fertilization used had little effect on fruit
production, but all fertilization systems were superior to no fertilization.
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In 1979, the last year in which production data were obtained in this
study, the response patterns to fertilizer applications established in the
previous seasons continued to be shown. More specifically, the complete
fertilizers applied at the heavier rate were still the most effective treatments
(yields approached 500 pounds per tree), the use of nitrogen and phos-
phorus together were somewhat less effective but were still superior to
nitrogen applied alone , and the lightest rate of nitrogen was more beneficial^
to yield than the heavier rates. The unfertilized trees were still clearly
inferior in yield (producing only about 300 pounds per tree), and the effect
of lime use was inconsistent among fertilizer treatments during this season.
In assessing the influence of type of fertilization and lime application
during the 13-year production period, it is clear that fruit production was
markedly affected by both of these variables, especially fertilization. The
average yield for unfertilized trees (without lime) was 161 pounds per tree,
while that for trees receiving 2 pounds of 8-12-8 per year of age was 295
pounds. Where nitrogen was applied alone, although some response was
obtained, fruit production decreased linearly with rate of application.
Increases were also obtained, but curvilinearly, where nitrogen and phos-
phorus were applied together without potassium. However, when all three
fertilizer elements were applied together, the average yield increased
linearly with rate of application and reached the maximum point noted in
the study (295 pounds). With each fertilizer treatment the average yield
was reduced by the use of the lime amendment. Actually, the average yield
for the limed plots in the study was 220 pounds per tree as compared with
238 pounds per tree for the unlimed plots. In judging the overall effect of
type of fertilization as an average of soil amendment plots, the superiority
of the heavy rates of complete fertilizer was obvious (284 pounds per tree).
Omitting potassium or potassium and phosphorus from the fertilizer caused
a meaningful reduction in yield. Also, when nitrogen was used alone, the
heavier rates were clearly less effective than the lighter rate although still
somewhat better than no fertilizer at all.
The tendency of the trees, especially those receiving certain treatments,
toward alternate bearing, or at least toward having low-crop years in-
terspersed with high-crop years, was referred to previously. This tendency
was almost wholly offset by the effects of the better fertilizer treatments on
yield. This suggests that the reproductive physiology of the trees is influ-
enced favorably when the tree is provided proper nutrition in the form of a
balanced fertilizer at the proper rate . It may be surmised that low-crop years
experienced during the study were caused by cold damage to flowers and
tender apices during winter and early spring. But it should be noted that in
those years when the temperature was low enough to cause some
damage— 1968, 1969, 1973, and 1977 (Table 4)—the trees produced
considerably more fruit in each case than they had in the previous year.
Thus , it appears the cold damage sustained by trees is not the explanation in
24
this case for their tendency toward alternate bearing. Rather, as indicated
by the progressive differences in yield data, the lack of proper nutrition in
some of the trees as a result of inappropriate fertilization was a major factor
influencing the tendency toward alternate bearing.
All trees in the study sustained some cold damage (Table 4). There was
little difference in the extent of damage in any season due to fertilizer
* treatment, except that trees receiving only nitrogen appeared to be dam-
aged more severely than the others in many cases. It is noteworthy that the
trees receiving complete fertilizer but no lime showed the least damage.
Also, in most cases, trees growing on limed soil apparently were somewhat
more susceptible to cold injury than those grown on the more acid soil.
Information was obtained during the 1971 and 1972 seasons on the
effects of fertilizer and lime treatments on the number of split fruit pro-
duced by the trees. In the 1971 season (Table 5), when this problem was
minimal in all plots, there was some indication that trees receiving com-
plete fertilizer, especially at the medium rate, produced less split fruit than
those receiving other fertilizer applications or none . Use of lime apparently
did not influence the production of split fruit. In the 1972 season (Table 6),
when the number of split fruit was much higher in all plots, the effect of
fertilizer was somewhat erratic, and no clear-cut pattern emerged. The
difference indicated for the influence of lime was opposite to that of the
previous year. Thus, no conclusions seemed warranted. In the past, experi-
ence with this phenomenon has shown it to be closely related to extremes in
cyclic soil moisture rather than fertilization, in that the problem is aggra-
vated by a long period of dry weather when the fruit is approaching
maturity followed by heavy rainfall before harvest. Under these conditions
the fruit evidently takes in moisture so rapidly that excessive pressure is
exerted internally against the mature rind, causing the rind to separate
along its weakest plane and thus ruining the fruit for market. Splitting of the
fruit is often followed by its abscission from the tree.
The annual chemical analyses of the leaves showed the average nitrogen
concentration of the foliage was affected appreciably by the different
fertilizers (Table 7) . However, no real effect of lime application on foliar N
was shown. In general, the heavier the application of nitrogenous fertilizer
the higher the concentration of foliar N. The most outstanding variation in
the data was the difference in N levels among seasons, with this variation
being manifested regardless of the fertilizer or lime treatment used. Yet,
^ there was some difference in the degree of variation among fertilizer
treatment effects in the different years, resulting in a significant interaction
between these factors. The same inference may be drawn for the factors of
lime application and season of sampling, since a true interaction was
demonstrated here also. In general terms, it is noteworthy that the N
concentrations in the foliage from all plots fell within the range considered
satisfactory by other workers (16,20, 28) and that the N level in the leaves


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The phosphorus concentration of the foliage was also influenced by the
type of fertilizer used but not by the lime application (Table 8) . The average
P levels in the foliage reflected the positive effects of using complete
fertilizer at a relatively high rate as compared with N alone, with the control
(which was producing far less growth and fruit) showing the highest
concentration of P. One of the principal factors responsible for variations in
P concentration was season of growth. The variation was sporadic among
years and possibly could be correlated with variations in growing condi-
tions. The P concentration in all samples apparently was such that a serious
deficiency of the element in the leaves was very unlikely, according to
authorities from other areas {16, 20, 28). The level of this element also
remained about as high in the older trees as it was in the younger ones.
Evidently, navel orange trees require much less P than N. It should be kept
in mind that although levels of extractable P in the soil were high even in the
control plots (Table 20) , the trees responded well to P and K in the fertilizer
in terms of growth and yield (Tables 2 and 3). The inference from these data
is that total uptake of P and K was promoted by the use of complete
fertilizer.
Use of fertilizer had some effect on the concentration of potassium in the
foliage (Table 9), but no effect of lime was seen. The lowest K concentra-
tion occurred where the heaviest rate of N was applied. Once again, the
control plants accumulated the most K, and those receiving complete
fertilizer were intermediate. The largest variations noted for this element
occurred rather inconsistently among seasons, indicating the influence of
natural growing conditions. With few exceptions, the levels of K found in
these samples fell within the range of 1 .3 percent to 1 .5 percent or above,
the concentration considered adequate by Chapman (//, 12) and others
{16, 20, 28). All plots contained large amounts of extractable K in the soil,
(Table 21), yet trees receiving complete fertilizer made considerably more
growth and had higher yields than those receiving N alone, N and P, or no
fertilization (Tables 2 and 3), again indicating the stimulation in total
uptake of P and K due to use of the complete fertilizer.
The accumulation of calcium in the leaves appeared to be moderately
affected by the type of fertilizer used but not by the lime application (Table
10). The latter point is not surprising in view of the type of soil involved
(high buffer capacity) and the small changes in the soil reaction brought
about by the relatively light applications of lime made to the various plots
(Table 17). Furthermore, lime applications caused only slight increases in
the levels of easily extractable (available) calcium in the soil (Table 18). As
was the case with the other elements, the most prominent variation in foliar
calcium was that occurring among seasons. The range of about 2 percent to
5 percent that was observed precludes a really plausible explanation, but
presumably some of this difference is attributable to variations in envi-
ronmental conditions not controlled during experimentation. Other work-
28
ers (12, 16, 20, 28) have found similarly wide ranges in the calcium
concentration in orange tree leaves.
The magnesium accumulated by the leaves in this study was influenced
only by season of growth, as shown in Table 1 1 . Neither fertilization nor
lime application had any bearing on the concentration of this element. Only
T calcitic lime was used to raise the pH of the limed plots. Furthermore, the
^soil in all plots contained high amounts of extractable magnesium (Table
19). In general, the foliar concentration ofMg ranged from about .3 percent
to .4 percent, the levels advocated by other authorities ( / / , 12, 16, 20, 28)
as normal for citrus trees. In this study, the seasonal variation of Mg was
not nearly as large as that of most other elements.
The manganese concentration in the leaves was negatively affected by
lime applications (Table 12). Also, there was evidence that the heavier
rates of fertilization (particularly with complete fertilizer) increased the
manganese accumulation by leaves, especially as the trees increased in
age. This deduction is supported by the significant interaction of fertilizer
treatment and season. The effect of lime was not constant for all seasons
either, as shown by the significant interaction of these two factors. The
singular effect of lime application was to reduce the amount of manganese
accumulated by the leaves, presumably by raising the soil pH enough to
reduce the availability of soil manganese to the trees. In this study, the
foliar Mn concentration varied generally from 15 to 45 ppm, with a few
plots in certain seasons dropping as low as 6 ppm and a few others rising
above 50 ppm. These values may be compared with those of other workers
(12, 16, 28) who suggest that 20 ppm is the level at which Mn deficiency
begins in citrus leaves. If this is true for Louisiana conditions, it would
explain the Mn deficiency symptoms on leaves containing less than 20 ppm
of Mn that were taken from some of the plots (Table 12) . The upper limit of
safe concentration as suggested by the workers above ranges from 80 to 200
ppm of Mn, with the actual limit varying considerably with individual
workers. All of the samples in this study were well below these levels;
accordingly, no phytotoxicity symptoms of manganese were observed.
(Samples were not analyzed for Mn in 1969 or 1970.)
The accumulation of zinc in leaves was not consistently affected by the
type of fertilization or the lime application (Table 13). The level of zinc was
remarkably similar in all samples, with the notable exception of the 1977
season and to some extent the 1979 season. An increased accumulation
* during those seasons was probably related to the use ofZineb foliar spray in
those years. During the other seasons, most samples ranged from 10 to 25
ppm of Zn; however, some plots did vary within treatments from year to
year, from the standpoints of both fertilizer treatment and lime, as shown
by significant interactions of these factors. The normal level of zinc found
in healthy citrus trees in other areas has been shown to range from 20 to 100





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































deficiency symptoms appear. Since several samples in this study were
found to contain less than 15 ppm of Zn, it was not surprising to observe
symptoms of shortage in the leaves from some of these plots (Tables 13 and
16). (Zinc analyses were not run in 1969 or 1970.)
On several occasions during the study a partial chlorosis of the foliage
occurred. The symptoms were typical of an abnormally low concentration
of manganese in the leaves, and the condition was classified as manganese!
deficiency. During two seasons, 1967 and 1971, when these symptoms
appeared on the leaves the severity of the chlorosis was determined subjec-
tively by plot (Tables 14 and 15).
In 1967, the season when manganese deficiency was very noticeable, all
trees showed some degree of shortage; however, trees receiving complete
fertilizer at the heaviest rate and no lime showed the fewest symptoms.
Symptoms were also light on trees fertilized at the medium rate with
complete fertilizer, with the most pronounced symptoms appearing on
trees receiving only nitrogen or no fertilizer. The effect of lime use on the
severity of the symptoms was erratic, thus masking any possible relation-
ship between these two factors. In this situation, the limed plots might be
expected to show the most severe symptoms; however, these trees were
still quite young, and the differences in soil reaction among plots were not
very great.
Table 14.— Effects of fertilizer and lime treatments on the incidence of interveinal




treatment' None2 Lime 3 average
Chlorosis rating
4 —
0-0-0 6.25 5.50 5.88
8-0-0 (l) 5 6 50 5.00 5.75
8-0-0 (1.5) 6.75 6.25 6.50
8-0-0 (2) 6.25 5.50 5.88
8-12-0 (1) 6.00 6.75 6.38
8-12-0 (1.5) 5.25 6.50 5.88
8-12-0 (2) 4.75 5.50 5.13
8-12-8 (1) 6.25 7.50 6.88
8-12-8 (1.5) 5.00 4.50 4.75
8-12-8 (2) 3.50 5.00 4.25
Lime average 5.65 5.80
For comparing fertilizer averages, H.S.D. (5 .05 = 2.30
F value for lime treatment effects— ns (.05).
F value for interaction of fertilizer x lime— ns (.05).
'Applied broadcast under the tips of the branches in February and disked lightly into the soil. Each tree
also received .04 lb. of N per year of age broadcast under the branches in July as ammonium nitrate.
2
Soi I pH maintained at about 6.0 to 6.5.
3 Soi I pH maintained above 6.5.
4 Based on a scale of 0 = no chlorosis to 1 0 = severe chlorosis on the leaves of the second flush of growth
(manganese deficiency).
5 Numbers in parentheses denote pounds of fertilizer applied per tree per year of age.
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In the 1971 season, when the symptoms of manganese deficiency were
relatively mild, fewer symptoms were shown again by trees treated with
either the medium or heavy rate of complete fertilizer. The unfertilized
trees clearly exhibited the most marked deficiency, and those receiving
only nitrogen were intermediate in symptom severity. During this season a
fs definite pattern was established in which the limed plots
produced more
^pronounced symptoms than the unlimed ones in every case. Evidently the
differences in soil reaction had been more definitely established and the
trees at this age varied in their capacity to absorb sufficient
amounts of
manganese from the soil to meet their needs.
A second abnormality of the foliage also appeared during the 1971
season. It was diagnosed as zinc deficiency. The severity of the symptoms
was determined subjectively (Table 16). Symptoms were more striking in
the unfertilized trees than in those receiving any type of fertilization. No
real difference could be found in the severity of these symptoms due to the
kind or rate of fertilization used. Neither was there any evidence that liming
the soil affected the severity of the symptoms. Again, it might be expected
that use of lime in sufficient quantities to cause major differences in the soil
reaction would affect the relative efficiency of zinc absorption from the soil
by the trees, but in this study the rate of lime application was only heavy
enough to cause small changes in the soil reaction.
Table 15.—Effects of fertilizer and lime treatments on the incidence of manganese








— Mn deficiency symptoms
2.7 3.1 2.9



















For comparing fertilizer averages, H.S.D. @ .05 = 1.0.
For comparing lime averages, H.S.D. @ .01 = 0.5.
F value for fertilizer x lime interaction—ns (0.05).
'Applied broadcast under the tips of the branches in February and disked lightly
into the soil. Each tree
also received .04 lb. of N per year of age broadcast under the branches in July as ammonium nitrate.
2
Soil pH maintained at about 6.0 to 6.5.
3
Soil pH maintained above 6.5.
4 Based on a scale of 0 = no leaves showing manganese deficiency symptoms to 4 - more
than 75
percent of the leaves on the last flush of growth showing symptoms.
5 Numbers in parentheses denote pounds of fertilizer applied per tree per
year of age.
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Table 16.—Effects of fertilizer and lime treatments on the incidence of zinc deficiency




treatment 1 None2 Lime3 average
Zn deficiency symptoms4
n n n n o 1 1
1 . 1
8-0-0 ( 1 )
5 0.2 0.1 0.15 *
8-0-0 (1.5) 0.2 0.6 0.40
8-0-0 (2) 0.2 0.4 0.30
8-12-0 (1) 0.2 0.0 0.10
8-12-0(1.5) 0.4 0.3 0.35
8-12-0 (2) 0.2 0.2 0.20
8-12-8 (1) 0.0 0.1 0.05
8-12-8 (1.5) 0.1 0.0 0.05
8-12-8 (2) 0.2 0.5 0.35
Lime average 0.3 0.3
For comparing fertilizer averages, H.S.D. @ .01 = 0.79.
F value for lime treatment effects— ns (.05).
F value for fertilizer x lime interaction— ns (.05).
'Applied broadcast under the tips of the branches in February and disked lightly into the soil. Each tree
also received .04 lb. of N per year of age broadcast under the branches in July as ammonium nitrate.
2
Soil pH maintained at about 6.0 to 6.5.
3
Soi I pH maintained above 6.5.
4
Based on a scale of 0 = no leaves showing zinc deficiency symptoms to4 = more than 75 percent of the
leaves on the last flush of growth showing symptoms.
5 Numbers in parentheses denote pounds of fertilizer applied per tree per year of age.
The reaction of the soil in each plot at the beginning of the study, along
with that of samples taken periodically during the work, is shown in Table
17. There was a gradual decline in soil pH in most plots, even in those
receiving lime applications; however, the limed plots were usually higher
in pH than the unlimed ones. This is shown by comparison of values within
a fertilizer treatment during any season and also by the overall average
effect of lime at the last sampling date , whether viewed on a treatment basis
or a general basis. A significant interaction occurred between lime and
season, inferring that the effect of lime on soil pH was not constant. It
should be noted that unfertilized plots tended to decrease less in soil pH
than those receiving fertilizer of any type or rate. The heavier rates of
fertilization appeared to have the most depressing effect on the soil reac-
tion.
The extractable calcium in the soil was not affected by the type of
fertilizer used or even by the lime application during the course of the study
(Table 18). The only factor responsible for any variation in the calcium
level was season of sampling. There was a general decline in extractable
calcium, especially during the later seasons, regardless of the fertilizer or
lime treatment used. Within most treatments there appeared to be more
calcium available in the limed plots than in the unlimed ones.
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1 965 1967 1969 1972 1974 1978 X Avg.
2
No lime3 0-0-0 6.8 6.8 6.4 6.4 6.6
A 0o.z A ^
Lime u-u-u 7.2 7.2 6.9 6.8 6.9 6.8 7.0
Avg. 7.0 7.0 6.7 6.6 6.8 6.5
6.8a
No lime 8-0-0 (l) 5 6.9 7.0 6.5 6.5 6.4 j. y
A ^
Lime o-U-U ( 1
)
A 7o. / 6.8 6.4 6.7 6.7 6.4 6.6
Avg. A Ro. o 6.9 6.5 6.6 6.6 6.2
6.6a
No lime 8-0-0 (1.5) 6.8 6.7 6.3 6.1 6.3
^ A0.
4
A TO . o
Lime o-u-u { i .D) 7.0 7.0 6.7
6.8 6.8 6.1 6.7
Avg. A Oo. y A 0 6.5 6.5 6.6 5.8 6.5a
No lime 8-0-0 (2) 6.9 6.9 6.
1
6.2 6.0 0.0 A TO. o
Lime o-U-U (Zj A AO. o 6.8 6.2 6.6 6.3 6.2 6.5
Avg. A fto. o 6.9 6.2 6.4 6.2 5.9 6.4a






A ftO. O 7 0 6.7 6.7 6.5 6.
1
6.6
Avg. A fto. o 6.8 6.5 6.3 6.4 6.0 6.5a
No lime 8-12-0 (1.5) 6.6 6.3 5.9 6.0 6.0 0. /
A 1
Lime o- 1 z-U { \ .D) A fto . o 6.8 6.5 6.6 6.8 6.3 6.6
Avg. A 7 6.
5
5.7 6.3 6.4 6.0 6.4a
No lime 8-12-0 (2) 6.7 6.5 5.9 5.7 6.1 5.5
A 10. 1
Lime o- 1 Z-U \z) 6.7 6.9 6.3 6.5 6.6 6.0 6.5
Avg. A 7o. / 6.7 6.
1
6.1 6.4 5.8 6.3a
No lime 8-12-8 (1) 6.9 6.8 6.3 6.3 6.5 O.O
A A




o. o 6.8 6.5 6.5 6.7 6.4 6.6
Avg. 6 9 6.8 6.4 6.4 6.6 6.
1
6.5a
No lime 8-12-8 (1.5) 6.7 6.5 5.9 5.9 6.0 J. / O. 1
Lime b- 1 Z-o { 1 . j) 7 2 7.
1
6.7 6.5 6.6 6.4 6.8
Avg. 7.0 6.8 6.2 6.2 6.3 6. 6.5a
No lime 8-12-8 (2) 6.7 6.6 6.0 5.9 6.1 5.4 6.1
Lime 8-12-8 (2) 6.9 6.9 6.4 6.5 6.5 6.3 6.6
Avg. 6.8 6.8 6.2 6.2 6.3 5.9 6.4a
Season avg.—no lime2 6.8 6.7 6.2 6.1 6.2 5.7 6.3a
Season avg.—lime2 6.9 6.9 6.5 6.6 6.6 6.3 6.6b
Season avg. 6.9 6.8 6.4 6.4 6.4 6.0 6.5
Applied broadcast under the tips of the branches in February and disked lightly into the soil. Each tree
also received .04 lb. of N per year of age broadcast under the branches in July as ammonium nitrate.
2Averages followed by different letters are different at the .05 level of probability.
3
Soil pH maintained at about 6.0 to 6.5. Some plots received sulphur applications broadcast evenly over
the entire plot.
4 Limed to the extent necessary to maintain soil pH above 6.5 and/or extractable calcium above 3,200
ppm.


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Extractable magnesium in the soil was also unaffected by fertilizer or
lime treatment (Table 19). All plots contained large amounts of extractable
magnesium which remained fairly constant at these levels up to the last two
seasons of sampling when they declined somewhat. In regard to possible
effects of lime, it should be noted that only calcitic lime was used in this
work.
The level of extractable phosphorus was affected by the kind and rate oft
;
fertilizer applied, particularly during the later seasons of sampling (Table
20). Control plots, or those receiving nitrogen alone, did not increase in
extractable P with the passage of seasons, while those plots that received
phosphate along with N or N and K did show some gain in extractable
phosphorus. Furthermore, the extent of gain in extractable P was in direct
proportion to the rate of fertilizer applied. The application of lime had no
bearing on the average level of extractable P. Where 2 pounds of complete
fertilizer per year of tree age had been applied annually for 13 years, the
level of extractable P had increased from an average of 329 ppm to 633
ppm.
Some of the fertilizer treatments influenced the level of extractable
potassium in the soil (Table 21). Only treatments containing K in the
fertilizer, along with N and P, caused any increase in extractable K, and
these increases occurred mainly during the later seasons of sampling. The
increases were directly related to the rate of fertilization and were still
widening at the end of the sampling period. Use of lime evidently did not
influence potassium extractability. As with phosphorus, where 2 pounds of
8-12-8 per tree per year of age had been applied for 13 seasons, the level of
extractable K increased from an average of 250 ppm to 417 ppm. (The K
extractant was changed from 0. 1 N HC1 to 1.0 N N1HUOHC in 1970.)
In this study it was not possible to make organic matter determinations
on the soil until the last two seasons of sampling. Results of these meas-
urements are shown in Table 22. Evidently, neither of the treatment
factors, fertilizer or lime, had any real effect on this component of the soil.
There appeared to be some variation between seasons within most fertilizer
and lime treatments with regard to organic matter content.
Although yields of fruit were increased markedly by some of the fer-
tilizer treatments (Table 3), the average weight of individual fruits was not
increased by fertilization (Table 23). This means the increases in fruit
yields resulting from fertilizer use occurred in terms of the number of fruit
produced per tree rather than as increases in the size of single fruits. Use of
lime had no effect on fruit size, but did result in a significant variation in *
"
average fruit weight among seasons (data not shown).
Thickness of the fruit rind was increased by the use of fertilizer, but the
response to treatment was so erratic that it was difficult to determine the
plant nutrient or rate of application that was reponsible for the thicker rinds
(Table 23). Unfertilized trees consistently produced fruit with the thinnest
rinds. Rinds varied in thickness from year to year, but generally the rinds
48
became thinner as the trees became older (data not shown) .
No influence of
lime application on rind thickness was found at any time
during the study.
Some slight differences in fruit rind color were usually apparent
at the
time the fruit was harvested each year in early December
(Table 23). In
terms of "L" values as measured with a Gardner color difference
meter,
the rinds of fruit from unfertilized trees had a slightly
brighter orange color
r
^than those from other trees. Color differences were much greater
early in
the harvest season when fruit from the nitrogen treatments,
especially at the
heavy rates, showed much more green color in the rind than did
fruit from
the other plots. However, by the first week of December the
fruit from all





"b," and "y" values of the Gardner meter (Table 23). There was
some
variation in "a" values (which denote orange or red color) from
year to
year only (data not shown). No effect of lime application on fruit color
was
found at any time, whether judged visually or measured
with the Gardner
meter. . .
The amount of juice present in the fruit was unaffected by
fertilizer
treatment or lime application (Table 23). Juice content of
the fruit did vary
with season, however, ranging from an average of 45.8
percent in 1968
(younger trees) to 57.5 percent in 1973 (trees more mature).
Likewise, the degree of acidity of the fruit juice was not influenced
by
either fertilizer or lime applications (Table 23). This is shown in
terms of
pH of the juice and also in the titratable acidity of it. In both measurements,
true variations were found only among seasons (data not shown). The
pH
varied from an average of 3 . 63 in 1 972 to 4 . 1 9 in 1 974 , while the
titratable




The soluble solids (primarily sugars) content of the juice was independ-
ent of fertilizer or lime treatment (Table 23). However, this quality
factor
was quite variable with season, showing relatively low values in
fruit from
the younger trees and increasing curvilinear, ly as the trees
increased in age
(data not shown). The range in soluble solids was from an average
of 9.2
percent in 1967 (the first year of harvest) to 12.6 percent in
1972.
The ratio of soluble solids to titratable acid, which is an important aspect
in determining fruit quality, was not affected by fertilizer or lime
applica-
tions. As was true when soluble solids and titratable acid were considered
as individual quality factors, the solids/acid ratio was affected only
by
season, varying from 13 .7: 1 in 1968 to a generally more desirable figure of
'
h 22:1 in 1975 (data not shown).
It is apparent from the fruit quality information in Table 23 that neither
fertilizer applications of any type nor rate or lime use had any serious
effects toward impairment of quality. These findings have important prac-
tical implications in view of the marked increases in tree growth and yield
induced by some of the fertilizer treatments and the corresponding de-






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 22.—Effects of soil reaction and fertilizer applications on the organic matter
content of the soil, 1965-78
Soil amendment
Soil organic matter (%)
and fertilizer 1 1965 1967 1969 1972 1974 1978 X Avg. 2
Nn lim*^ run n 1 A.A
1 . 0** 1 .DU 1 .0/
Lime
4 0-0-0 1.48 1 .44 1.46
1.520*Avg. 1.56 1.47
No lime 8-0-0 (l) 5
1 . OD 1 . ou 1 . 0/
Lime 8-0-0 (1) 1.64 1.45 1 .55
Avg. — 1.65 1.48 1.56a
MU lime o-\J-w 1 I . J J 1 1 ,O0 1 .45
Lime 8-0-0 (1.5) 1.67 1.52 1.59
Avg. — — — 1.61 1.44 1.52a
Nn limp fi-0 0 10\inu ll [lit; o~\J~\J 1 Al 1 A A
\ . 44 i ?i1 . 0/
Lime 8-0-0 (2) 1.74 1 .52 1 .63
Avg. 1.68 1.48 1.57a
No limp 8-19 0 fll l a*;
l .00 1 AO1 .4z 1 C41 . D4
Lime 8-12-0(1) 1.60 1.40 1 .50
Avg. — — 1.63 1.41 1.52a
No limp 8- 1 9-0 1 SI 1 A'i
1 . OD 1 .->Z
Lime 8-12-0 (1.5) 1 .65 1.47 1 .56
Avg. 1.65 1.43 1.54a
No limp 8-19-0 ^01nu m le o 1 i u IZJ 1 .04 1 A 1 1 .4/
Lime 8-12-0 (2) 1.64 1 .43 1 .54
Avg. 1.59 1.42 1.56a
Nn limp fi 19 ft /1\
1 .0 1 1.49 1 .55
Lime 8-12-8(1) 1 .59 1 .43 1.51
Avg. 1.60 1.46 1.53a
INO lime O- 1 z-O ^ 1 . 1 .54 1 .38 1 .46
1 imp r 1 9 a n mL e o- i z-o i i . *ji 1 .OZ 1 .49 1 . 56
Avg. 1.58 1.44 1.51a
No lime 8-12-8 (2) 1.59 1.53 1.56
Lime 8-12-8 (2) 1.62 1.51 1.56
Avg. 1.61 1.52 1.56a
Season avg.—no lime2 1.60 1.44 1.52a
Season avg.—lime2 1.62 1.47 1.55a
Season avg. 1.61 1.46 1.54
'Applied broadcast under the tips of the branches in February and disked lightly into the soil. Each tree
also received .04 lb of N per year of age in July.
2Averages followed by the same letter are not different at the .05 level of probability.
3
Soil pH maintained at about 6.0 to 6.5. Some plots received sulphur applications broadcast evenly over
the entire plot.
Limed to the extent necessary to maintain soil pH above 6.5 and/or extractable calcium above 3,200
ppm.
5 Numbers in parentheses denote pounds of fertilizer applied per tree per year of age.





































































































































































































































































































































































































































































In assessing the overall performance of the trees at the end of the
experimental period, it became apparent that the yield of fruit was influ-
enced to some extent by prevailing soil conditions, as well as by fertilizer
and amendment applications. These relationships are shown in Table 24.
Within the range of soil reaction among the various plots existing in this
study, the highest yields were obtained from the trees growing on the more,
acid soil. Furthermore, the plots with the higher levels of soil calciur^i
and/or magnesium were somewhat less efficient in fruit production than
those with lower levels of these elements. Perhaps the most important
points to be derived from the data in Table 24 are the importance of
providing high levels of available phosphorus in the soil to insure high fruit
production and the highly beneficial effects of maintaining high levels of
available potassium.
Apparently, accumulation of phosphorus in the foliage was not depend-
ent on high levels of soil P, and there was little association betwen foliar
potassium and soil K (Table 24). It may be recalled that in this study the
foliar levels of plant nutrients were determined on a concentration basis
—
percent of dry weight—and not on a total uptake basis. Soil calcium exerted
only a small influence on foliar P, but foliar K was more closely related to
the level of soil Ca. Some connection was seen between soil Ca and foliar
Ca, but the accumulation of Mg in the leaves was definitely depressed by
high levels of soil Ca. This depression was also true for leaf manganese, but
the accumulation of zinc by the leaves appeared to be fostered by soil Ca.
As was true for calcium, there was a weak negative relationship between
soil magnesium and the concentration of the element found in the leaves.
Soil reaction had no influence on the accumulation of phosphorus in the
leaves (Table 24). However, both the potassium and calcium concentra-
tions in the foliage were strongly influenced by soil pH. Foliar Ca, Mg, and
Mn were all inversely related to soil pH, while zinc accumulation was
unrelated to soil reaction.
Evidently the soil reaction was negatively related to the soluble solids
content of the fruit, but soil phosphorus was positively related to the solids
level (Table 24). Soil K showed no association with soluble solids, while
both soil Ca and Mg were inversely related to the soluble solids content of
the fruit.
The titratable acid content of the fruit was increased by the more acid soil
as well as by the higher levels of soil phosphorus (Table 24). The levels of
soil K and Ca apparently exerted some influence on fruit acid levels, but n
soil Mg was not effective in this regard.
The data in Table 25 indicate that fruit production was associated with
several other characteristics of the fruit and foliage. There was some
relationship, although negative, between fruit production and the accumu-
lation of both N and P in the foliage. A closer relationship, but also
negative, was shown between the K concentration in the leaves and yield of
fruit. Foliar nutrients showing positive associations with yield were Ca,
58
Table 24.—Relationship between nutrient levels available
1
in the soil and various plant
responses by Washington navel orange trees, 1965-79
Soil and plant variables
Soil pH and foliar K'
Soil pH and foliar Ca4
Soil pH and foliar Mg
4
Soil pH and foliar Mn5
Soil pH and foliar Zn5








Soil Ca3 and soluble solids
6
in fruit
Soil Mg 3 and soluble solids
6
in fruit





3 and acid content
6
in fruit
Soil K 3 and acid content
6
in fruit
Soil Ca 3 and acid content
6
in fruit
Soil Mg3 and acid content6 in fruit
1 Determined as extractable levels by LSU Soil Testing Laboratory.
2 Determined as pounds per tree per year.
3 Determined as ppm of air-dry soil.
"Determined as percent dry weight of leaf tissue,
determined as ppm of dry leaf tissue.
6 Determined as percent of juice.
* Significant at the .05 level of probability.
**Significant at the .01 level of probability.
r value
—0 39**
Soil pH and yield2 — 0 34**
Soil Ca3 and yield
2
-o'l7**
Soil Mg3 and yield2 0 59**
^oilP3 and yield2
'
Soil K 3 and yield
2
Soil P3 and foliar p
4
Soil K 3 and foliar K
4
Soil Ca3 and foliar p"
Soil Ca3 and foliar K
4
Soil Ca3 and foliar Ca
4
Soil Ca3 and foliar Mg4
Soil Ca 3 and foliar Mn 5
Soil Ca 3 and foliar Zn
5
Soil Mg3 and foliar Mg4
c- ; ,, III- 4 0.03
Soil pH and foliar p



























Mg, Mn, and Zn. In this connection, the larger trees with the lower
concentrations of N, P, and K in the foliage, which also produced the most
fruit, probably represent the more desirable and more normal nutritional
status of good navel orange trees . Other nutrients that tended to accumulate
in the foliage of the highest-yielding trees were probably present in
con-
centrations somewhat above that required for normal growth and produc-
tion.
There was some relationship between foliar Ca and foliar Mg, although
the connection was not very impressive (Table 25). As expected, the
59
Table 25.—Relationships between foliar nutrient levels 1 and various other plant
responses by Washington navel orange trees, 1965-79
Foliar nutrient levels
and other plant variables r value
Foliar N and yield2 — 0. 13**
Foliar P and yield2 -0.15**
Foliar K and yield2 -0.46*V
Foliar Ca and yield2 0.32**
Foliar Mg and yield2 0.31**
Foliar Mn and yield2 0.43**
Foliar Zn and yield2 0.25**
Foliar Ca and foliar Mg 0. 12**
Foliar K and foliar Mg — 0. 10**
Foliar K and foliar Ca -0.42**
Foliar Ca and foliar Mn 0.25**
Foliar Ca and foliar Zn 0.23**
Folair Mg and foliar Mn 0.34**
Foliar Mg and foliar Zn -0.02
Foliar Mn and foliar Zn 0.31**
Foliar N and soluble solids 3 in fruit — 0.32**
Foliar P and soluble solids 3 in fruit -0.25**
Foliar K and soluble solids 3 in fruit -0.54**
Foliar Ca and soluble solids 3 in fruit 0.42**
Foliar Mg and soluble solids 3 in fruit 0. 19**
Foliar Mn and soluble solids 3 in fruit 0.30**
Foliar Zn and soluble solids 3 in fruit 0.23**
Foliar N and acid content3 in fruit -0.38**
Foliar P and acid content3 in fruit -0.15**
Foliar K and acid content3 in fruit -0.12**
Foliar Ca and acid content3 in fruit 0.29**
Foliar Mg and acid content 3 in fruit 0.10**
Foliar Mn and acid content3 in fruit -0.10*
Foliar Zn and acid content3 in fruit -0.24**
1 Determined as percent of dry leaf tissue.
2 Determined as pounds per tree per year.
3 Determined as percent of juice.
* Significant at the .05 level of probability.
**Significant at the .01 level of probability.
association between foliar K and Mg accumulation was negative. The same
association, but much more marked, was found between accumulations of
K and Ca in the leaves. In contrast, Ca and Mn showed a mutually positive
influence in foliar accumulation. This type of relationship was also found
between Ca and Zn and between Mg and Mn. No relationship was found
between the accumulation ofMg andZn in the leaves, but concentrations of
foliar Mn and Zn were fairly closely related.
The level of N in the leaves apparently was inversely related to the
soluble solids content of the fruit (Table 25). The same association was
found between foliar P and soluble solids, and between foliar K and solids.
Again, the larger trees that were apparently diluting the concentration of N,
P and K in the foliage somewhat, not only produced the most fruit but also
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produced the highest soluble solids in the fruit. This relationship
is re-
flected in the highly significant correlation of
0.66** between yield and
soluble solids. The other elements, Ca, Mg, Mn, and Zn, tended to
accumulate somewhat in these trees. Accordingly, the levels of these
elements in the leaves were all positively related to the soluble
solids
. content of the fruit.
& Foliar N was clearly associated with the acid content of the fruit in a
negative manner (Table 25). A similar, though less striking, association
was found between foliar P and fruit acid and also between foliar K and acid
content. Foliar Ca and Mg were both positively related to the acid level in
the fruit, but Mn and especially Zn displayed a negative relationship
between accumulation in the foliage and the production of acid in the
fruit.
The larger, higher-yielding trees containing lower levels of foliar N, P, and
K also produced the most acid in the fruit. Apparently, however, the
associations of foliar Mn and Zn to fruit acid did not follow the same pattern
as in the case of soluble solids production. The degree of association
between the production of fruit acid and yield, although still highly sig-
nificant, was only 0.18**.
Summary
Washington navel oranges grown on Mississippi River Alluvial soil
(Commerce-Mhoon silt loam—silty clay loam) at the Plaquemines Parish
Experiment Station from 1965 to 1980 made significant responses to
fertilizer and lime applications. The greatest response was obtained in
terms of tree growth and yield from the use of complete fertilizer at the
heaviest rate tested (2 pounds of an 8-12-8 grade per tree per year of age
applied in February plus 0.4 pound of N per tree per year of age applied in
July). Other fertilizer mixtures lacking in phosphorus and/or potassium
were less effective than the complete fertilizers when used at comparable
rates. The use of nitrogen alone at the heavier rates studied was clearly
detrimental to yield and showed a marked effect on delaying fruit maturity .
Application of lime in conjunction with fertilizer treatments to maintain
the soil pH above 6.5 had a depressing effect on tree growth and yield. The
use of sulphur to keep some of the plots around pH 6.0 was apparently not
harmful to the trees.
In spite of large increases in yield that resulted from some of the more
effective fertilizer applications, there was no impairment in the quality of
fruit due to any treatment when quality was measured in terms of fruit size,
color, juice content, soluble solids content, acid content, or solids/acid
ratio. Furthermore, lime applications had no measurable influence on fruit
quality.
The accumulation of plant nutrients in foliage was definitely affected by
the type and rate of fertilization. Large variations in foliar nutrient levels
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were found to occur from one season to another. Application of lime to the
soil had little influence on the accumulation of any nutrient in the leaves
except manganese.
The application of lime, at rates used in this study, did not cause major
changes in soil reaction or in levels of extractable calcium. Other soil
characteristics such as extractable magnesium, potassium, and phosphorus
were apparently not affected by lime applications. Use of sulphur wal
successful in altering the soil pH slightly in certain plots. The variation in
levels of all nutrients extracted from the soil from season to season was
striking.
The levels of extractable phosphorus and potassium in the soil were
increased considerably during a 13-year period by applying these elements
annually in a complete fertilizer at a fairly heavy rate. Apparently these
were the only elemental accumulations affected in the soil by fertilization
during the period of the experiment.
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